ABSTRACT
INTRODUCTION
Within the growing human population and its higher demands for food, not only on the quantity but also on the sensory and physical properties, there are increasing requirements on agriculture and safety criteria concerning pesticides [4] .
Intensive use of pesticides leads to environmental contamination. It directly affects the soil, water flows, groundwater, non-target organisms, and last but not least, can affect the animal and human health by careless and improper use [7] . In livestock, there is a decline in performance and consequently, high economic losses for breeders. Also the decreasing populations of honey bees are also associated with the use of pesticides. In a study by D o u b l e t et al. [5] , microbial pathogens (with which pesticides can interact and worsen their effect on bee colonies) were tested.
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A non-nicotinic pesticide thiacloprid was used at sublethal doses with two common microbial pathogens (Nosema ceranae and BQCV-maternal blackening virus) affected the larvae and adult bees. The interaction of the neonicotinoid with the pathogens resulted in the increased mortality of both larvae and adult bees.
In our experiments, we investigated Mospilan 20SP (containing the active substance of 20 % acetamiprid) which belongs to the systemically acting insecticides of the neonicotinoid group. The acetamiprid is spread throughout the plant, passing into the nectar. It acts neurotoxically, thus blocking the nicotinic receptor in the postsynaptic membrane in the nervous system of the pests. The mechanism of action consists in blocking postsynaptic nicotinic acetylcholine receptors (nAChRs) of the insect, disrupting pulse transmission, thereby gradually causing paralysis and consequently, death [9] . Neonicotinoids are much more toxic to invertebrates such as insects than to mammals, birds, and other higher organisms because they directly attack their central nervous system, in which the nAChRs are located [6] .
Acetamiprid is one of the most widely used insecticides in recent decades. Together with fipronil, neonicotinoids account for a third of the world's insecticide market. The benefits of their physicochemical properties, low target organism resistance and low user risk, have resulted in a high percentage of use. They can now be detected in soil, water and air [15] . Acetamiprid has a wide spectrum of action on animal pests, which can be used for seedlings, stoneworms, cereals, potatoes, vegetables and even ornamental plants. In our study we focused on verifying the potential genotoxic effects of the pesticide acetamiprid (Mospilan 20SC) using conventional cytogenetic analysis to detect unstable aberrations and supplemented by fluorescence in situ hybridization to detect stable and numerical aberrations of chromosomes.
MATERIALS AND METHODS
In our study, two healthy intact male bovine bulls were used, from which peripheral blood was collected from the vena jugularis into sterile heparinized tubes. By conventional cytogenetic analysis, we observed unstable structure aberrations in the peripheral blood lymphocytes of bulls at negative (water) and positive control (ethyl methanesulfonate, EMS, Sigma, St. Louis, MO, USA, 250 μg.ml 
RESULTS
In conventional cytogenetics, the spontaneous frequency of aberrations in donor 1 was at 1 % and 2 % in donor 2.
After the exposure to the pesticide, we recorded an increase in the structure aberration frequencies with increasing concentrations of acetamiprid. The highest percentage of breaks were observed in donor 1 at 25 µg.ml -1 (P < 0.001) and in donor 2 at 50 µg.ml -1 (P < 0.01). The most common detectable types of aberrations were the chromatic breaks, along with chromosome breaks and gaps (Fig. 1) .
In both donors, we observed a decrease in mitotic index with increasing concentrations of the pesticide. Statistically significant data in both donors were at 25 µg.ml -1 and 50 µg.ml -1 (Fig. 2) .
The second method involved the use of fluorescent in situ hybridization to test the effect of acetamiprid on peripheral blood lymphocytes to detect stable and numerical aberrations. In our experiment we detected two polyploidy and no stable structural aberrations. CA-chromosome aberrations; *-P < 0.05; **-P < 0.01; ***-P < 0.001 EMS-ethyl methanesulfonate used as a positive control
DISCUSSION
Cattle are used in experiments as a bioindicator of environmental pollution for their rearing method and feed intake. During grazing, they are directly exposed to substances found in the environment, consuming high amounts of feed per day that have undergone chemical treatment with insecticides and can be exposed to wastewater [8] . In contrast to other domestic animals, such as rats and humans, cattle have the lowest biotransformation ability of xenobiotics in the liver [16] . At present, there are not many studies with acetamiprid that would focus on its action on cattle. The study by S e c c i a et al. [14] focused on the detection of four pesticides (acetamiprid, imidacloprid, thiacloprid and thiamethoxam) in cow's milk. The study revealed residues in the bovine milk being equal to or lower than the maximum residue limit established by the European legislation [14] .
In male Kunmin mice, the effect of acetamiprid on the physiological functions of their reproductive apparatus and the effect of oxidative stress on the testes were investigated.
The results showed that the application of acetamiprid significantly reduced the body weight of the mice as well as the weight of their organs such as testes, epididymis and prostate. Furthermore, serum testosterone concentration and sperm quality and quantity were affected [17] . In the study of mouse sperm abnormalities following intraperitoneal administration of acetamiprid and propineb together as well, acetamiprid did not significantly increase the percentage of abnormal sperm after 24 or 48 h exposure [12] .
In female rats after oral administration of acetamiprid at 200 mg.kg -1 , the total leukocyte count and the relative lymphocyte count together with globulins were significantly reduced (P < 0.01) [10] .
The aim of the in vitro study in human lymphocytes was to investigate the effects of water-soluble fullerene nanoparticles on acetamiprid-induced genotoxicity. Cultured human lung fibroblasts were exposed to fullerenol alone and together with acetamiprid for 24 h. The results demonstrated significantly induced micronucleus formations and single-or double-stranded DNA breaks in IMR-90 cells after exposure to acetamiprid [3] .
Another study focused on the effect of acetamiprid, probineb and their combination in peripheral lymphocytes in humans. The data pointed to a possible synergistic effect of both pesticides with cytotoxic effects and potential genotoxic effect in peripheral lymphocyte [11] .
In the second part of our study, we used fluorescence in situ hybridization (FISH) and focused on the detection of stable chromosomal aberrations, which cannot be assessed by conventional cytogenetic methods. We used whole chromosome probes BTA 1 and BTA 7 on chromosomes 1 and 7. In the experiment two polyploidies were observed and neither reciprocal nor non-reciprocal translocations were recorded. This may be due to the insufficient amount of probes used and thus does not capture enough genome.
CONCLUSIONS
Our results obtained by conventional cytogenetic analysis showed elevation in chromosome aberrations (mainly chromosome and chromatid breaks) after exposure to acetamiprid compared to negative control. With increasing concentration, we could observe a decrease in mitotic activity. Based on our results, we can assume possible genotoxic effects of acetamiprid on the chromosomes of cattle.
